The angles of a cutting tool play a key role in determining its cutting efficiency. However, once the tool has been mounted on a machine tool, setting errors inevitably cause the working angles of the tool to deviate slightly from the designed cutting angles. Accordingly, this study develops mathematical models to analyze the interrelationships among the tool angles, the setting angles and the working angles. In the proposed approach, a process of homogeneous coordinate transformation is employed to develop a kinematic model of the cutting tool such that the working angles can be derived given the tool angles and setting angles. Mathematical formulae are then developed to inversely derive the tool angles required to generate the specified working angles given prior knowledge of the setting angles. An illustrative numerical example is presented to demonstrate the validity of the proposed approach. Overall, the numerical results confirm that the methodology presented in this study provides a comprehensive, simple and versatile means of modeling a variety of conventional single-point cutting tools.
Introduction
The performance of a cutting tool is critically dependent upon its geometry. However, when a tool is mounted on a machine tool, the working angles of the tool, i.e. the effective cutting angles of the tool, are determined by the setting angles and the resultant cutting speed angle g, i.e. the angle between the resultant cutting direction and the direction of primary motion. In practice, the resultant cutting speed angle tends to be small, and thus the cutting performance of the tool is dependent primarily on the tool angles and the setting angles. Therefore, in predicting the true machining capabilities of a tool, it is necessary to develop a systematic method for modeling the effect of the setting angles on the cutting angles such that the working angles can be determined.
The literature presents various trigonometrical relationships interrelating the various tool angles in tool-in-hand and tool-in-use systems. In [1], a series of relations for tool-in-hand systems was derived using a geometric projection method. Meanwhile, in [2] , the interrelationships between the basic angles of tool-in-use systems were derived in terms of the basic angles of the tool-in-hand system and the resultant cutting speed. Assuming that a cutting tool is mounted on a machine tool at its most natural position and that the effects of the resultant cutting speed angle are neglected, the tool-in-use system and the tool-in-hand system virtually coincide, and hence the corresponding tool angles are almost identical in both systems. However, this is invariably not the case in practical machining applications due to the introduction of setting errors when mounting the tool on a machine tool. In [3] , the interrelationships among the tool angles, setting angles and working angles have been listed in equations. However, those equations were merely expressed in terms of setting angles of single axis and 0307-904X/$ -see front matter Ó 2009 Elsevier Inc. All rights reserved. doi:10. 1016/j.apm.2009.12.009 
